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Natural  resource  management  decision  making  by  Catchment  Management 
Authorities in NSW is being aided by a project involving bio-physical modelling and 
the development of an alternative decision-making framework.  The objective of the 
bio-physical modelling process is to generate predictions of environmental or natural 
resource outcomes rather than project outputs.  These outcomes can then be used in an 
investment framework to help priority setting and project decision making.  Questions 
that arise in bio-physical modelling include those relating to scale and scope.  Scale 
issues include how to address the landscape impacts of particular (or a series of local) 
on-ground works proposals.  Scope issues include assessment of multiple-attribute 
responses to particular changes.  In a multi-disciplinary context the challenge is then 
to  translate  this  information  into  units  that  can  be  adapted  to  a  decision-support 
framework.  Existing Catchment Management Authorities decisions are often based 
on scoring  and  weighting  of  environmental improvements using  an  environmental 
benefits  index,  however  other  economic  frameworks  are  possible.  We  discuss  the 
important context for these questions in the decision making framework.  
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Issues  of  scale  and  scope  in  bio-physical  modelling  for  natural 





Decisions  about  projects  requiring  funds  to  generate  environmental  or  natural 
resource improvements are like most other investment choices – the costs are up-front 
and  certain  and  the  benefits  are  in  the  future  and  uncertain.    Decisions  about 
investment in environmental projects face additional difficulties in that those diverse 
environmental outcomes are difficult to predict, to compare and to value (Eigenraam 
et al. 2006).  In this paper we discuss a number of these issues that have arisen in the 
TOOLS2  project  that  is  developing  a  decision-support  tool  for  the  Catchment 
Management Authorities (CMAs) in NSW.  This project is a collaborative project 
between the CMAs, the NSW Departments of Natural Resources, Environment and 
Conservation, and Primary Industries, and CSIRO. 
 
At present each CMA in NSW has a budget, a Catchment Action Plan (CAP), which 
incorporates natural resource and community themes and targets, and a timetable for 
both  expenditure  and  for  achieving  the  stated  catchment  targets.    In  general  the 
current procedures are;  
•  CMAs  determine  their  Environmental  Management  Targets  in  terms  of  areas, 
activities and budget, 
•  CMAs call for, or receive, proposals for on-ground works and their officers then 
conduct field inspections and assessments, hold discussions with landholders, and 
provide input to project development,  
•  Assessments of potential environmental/natural resource improvements may use 
the field assessments (including scoring of environmental attributes) together with 
weighting processes to develop an Environmental Benefit Index (EBI) which is 
used as a proxy for expected benefits from the proposal.  This is akin to a multi-
criteria approach,  
•  There are also likely to be private benefits to agricultural landholders from some 
proposals. On the costs side there are private (i.e. landholder) and public (i.e. 
CMA) costs which need to be considered.  A comparison of the likely benefits 
(via the EBI or some other Environmental Services Ratio (ESR)) and the public 
costs gives one measure of likely worth of the project to the funding body, and 
this measure (or versions of it) is currently used to compare  projects. 
 
A number of improvements and refinements to this set of processes are possible, and 
are being addressed in a project aimed at developing a decision-support tool for use 
by the CMAs in NSW. In general, two major advances over the present processes are 
being pursued.  First, bio-physical models are being developed or adapted to enable 
predictions of environmental/natural resource improvements from on-ground works to 
an expanded range of environmental parameters.  The availability of such models will 
give  the  CMAs  an  estimate  of  likely  environmental  outcomes  rather  than  project 
outputs,  which  will  provide  a  greater  focus  on  achieving  Natural  Resource 
Management (NRM) targets within catchments.  Second, the project aims to develop 
an  improved  investment  framework  for  priority  setting  and  project  appraisal.    If 
environmental  outcomes  can  be  predicted  using  the  bio-physical  models,  then Issues of scale and scope in bio-physical modelling for natural resource management decision 
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alternative decision procedures can be developed so that CMA actions and decisions 
can be focused on benefits and costs for the catchment communities.  
 
In economic terms the use of bio-physical models addresses the issue identified by 
Eigenraam  et al. (2006), of information  as a transaction cost.   The  gathering and 
exchange  of  information  is  a  key  aspect  of  environmental  management,  and  two 
issues arise: 
•  where information is currently unknown, and must be discovered by, say, 
scientific inquiry, 
•  where  information  is  held  by  some  agents  but  not  others  (asymmetric 
information). 
 
The unknown information issue involves the state of an environmental good and how 
it can be improved by management actions.  Scientific modelling and analysis can 
establish this information.  We need to focus on environmental outcomes and bio-
physical models can be used for this purpose.  Wu and Boggess (1999) noted two 
important environmental information and response effects: 
•  cumulative effects occur where significant environmental improvements can be 
attained only after effects reach a certain threshold; and 
•  pooling effects occur where inter-relationships exist either because environmental 
benefits interact with each other, or because they are jointly produced by the same 
resource. 
 
The approach of using separate models for each environmental attribute ignores these 
pooling effects.  Being unable to include either or both of these effects in bio-physical 
models may lead to sub-optimal outcomes. 
 
Other issues relate to how the model results are standardised for interpretation into a 
decision framework.  If an EBI or Multi-Criteria Analysis (MCA) approach is used, 
the bio-physical model results need to provide consistent information on which to 
base the scoring and weighting procedures.  If an environmental economic valuation 
approach is used then the units of predicted environmental gains are important.  In 
either  case  the  translation  of  model  predictions  from  their  outcome  units  into  a 
decision making process is necessary.   
 
In this paper we first describe the types of environmental targets and NRM decisions 
being  made  by  the  CMAs.    Then  we  describe  the  bio-physical  models  being 
developed.  This includes the types of inputs to and outputs from those models, which 
are all single-attribute representations.  We investigate whether the scope of typical 
environmental  improvements  from  project  works  is  likely  to  be  more  than  one 
attribute.  We discuss the potential errors if a single attribute additive approach is used 
for multi-attribute predictions.  In terms of the decision-making framework, we first 
describe what processes and measures the CMAs are currently using.  Finally we 
comment on remaining priorities.  
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2. Environmental targets pursued by the CMAs 
 
The  thirteen  CMAs  in  NSW  were  established  under  the  Catchment  Management 
Authorities  Act  2000  and  were  set  up  in  2004.    They  are  regional  bodies  that 
collaborate in partnership with farmers, local groups, Aboriginal communities, local 
government,  industry  and  State  Government  agencies  to  develop  policies  and 
programs for natural resource management at a catchment level.  They are responsible 
for administering a joint State-Commonwealth funding package ($436 million from 
2003-2007),  which  goes  directly  into  practical  improvement  works  (see 
http://www.dnr.nsw.gov.au/nr/cma.shtml).  
 
The CMAs are developing CAPs which will guide their management of soil, native 
vegetation and water resources.  Each CMA has specified a set of 4 or 5 broad themes 
or resources that are the subject of the CMA activities – these include combinations of 
land, vegetation, rivers, groundwater, biodiversity, people and communities, native 
animals, estuary coastal and marine, salinity and soils issues according to regional 
priorities.  
 
The CAPs provide the basis for delivering incentive funding through Australian and 
State Government NRM programs as well as other funding sources.  The CMAs also 
develop 3-year rolling investment strategies to detail the distribution of funds and 
annual implementation plans to provide the operational basis for the next 12 months. 
Catchment  and  Management  Targets  are  established  from  these  CAPs,  and  these 
specify desired impacts on the themes or resources – defining outcomes for each and 
how to achieve them.  
 
These  targets  are  sometimes  specified  in  numerical  terms.    For  instance  the 
Hawkesbury  Nepean  draft  CAP  includes  revegetation  and  conservation  targets  for 
native  vegetation  and  fauna  for  biodiversity  management.    By  2016,  these  targets 
include  2,300  ha  of  native  vegetation  established  through  revegetation  to  replace 
native  vegetation  cleared  in  each  landscape,  and  2,300  ha  of  native  vegetation 
conserved through landholder action.  
The  targets  are  also  sometimes  specified  in  terms  of  a  ‘maintain  and  improve’ 
requirement. For instance, the Namoi CMA CAP management targets for surface and 
groundwater ecosystems include an improvement in riverine structural stability, an 
improvement  in  the  condition  and  extent  of  native  riverine  vegetation  in  priority 
riverine  areas,  and  the  maintenance  or  improvement  in  surface  and  groundwater 
quality suitable for irrigation, raw drinking water and aquatic ecosystem protection.  
Some  CAP  targets  are  specified  in  terms  of  improvement  to  a  combination  of 
planning and natural processes.  For instance, the Lower Murray Darling draft CAP 
riverine health management targets include (by 2015): manage, modify or remove 
river and lake regulating structures in order to minimise stratification;, improve water 
quality and facilitate fish passage; re-instate more natural wetting/drying processes 
within priority areas of the Lower Murray Darling Catchment including the Euston 
Lakes,  parts  of  the  Menindee  Lakes  System,  Thegoa  Lagoon  and  Great  Darling 
Anabranch  wetlands;  develop  one  Floodplain  Management  Plan  for  four  river 
management zones of the catchment, and implement actions for one zone; reduce the 
level  of  discharge  of  major  urban  stormwater  and  irrigation  drainage  outfalls  that 
discharge directly to the river; improve the content of discharge through treatment Issues of scale and scope in bio-physical modelling for natural resource management decision 
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prior to discharge; manage flows of five river zones of the Murray and Lower Darling  
Rivers to achieve more natural flow patterns; priority areas for targeted rehabilitation 
of  fish  habitats  identified  and  mapped  (by  2004)  and  action  plans  developed  and 
implementation commenced in 40% of priority areas. 
These  examples  indicate  a  range  of  targets,  some  of  which  are  measurable  in 
quantitative terms (eg 2,300 ha of native vegetation established) and others which 
require  improvements  in  qualitative  characteristics  (eg  native  riverine  vegetation 
condition).  For CMAs, the achievement of quantitative targets is relatively easy in a 
project planning and monitoring sense.  For qualitative targets the issue becomes how 
to  predict  changes  in  one  or  more  environmental  resources  from  one  or  more 
on-ground projects.  
Activities for investment under CAPs and being undertaken by CMAs include; 
•  remnant  vegetation  management;  conservation,  revegetation  for  non  riparian, 
riparian, saline discharge areas, sediment and nutrient control, fencing,  
•  land  management  for  soil  health;  to  increase  soil  organic  carbon  levels, 
groundcover levels and reduce salinity, perennial pastures, groundcover rates,  
•  education and training; to enhance skills and knowledge for land management, 
water management and increase adoption rates of natural resource management 
programs, 
•  erosion control,  
•  water quality; nutrient management, 
•  biodiversity and threatened species protection. 
 
 
3. Current CMA decision making processes 
 
The decision making processes of the CMAs were collated and reflected the need for 
accountability,  fairness  and  efficiency  as  well  as  the  difficulties  in  ensuring 
environmental  returns.    With  further  experience  in  the  CMA  /on  ground  funding 
operations, the manner of disbursement of funds is expected to change.  The main 
changes anticipated by CMAs in the short term future are a shift from the current 
process to more competitive approaches to funding  
 
In NSW the focus and direction of funding through CMAs is subject to the CMA 
CAP, CMA Boards of Management and the sources of funding, ie NHT.  This project 
does not address its methodology to this broader direction of funding or allocation of 
funding between CMAs.  However there are issues in common between the statewide 
and  activity-based  decision  making  (Hajkowicz  2002).    The  project  does  aim  to 
provide better means for individual CMAs to develop their CAPs using bio-physical 
modelling to compare alternative priorities for expenditure. 
 
The questions facing the CMAs in determining funding distribution lie in the nature 
of the projects.  The costs for each project are readily identified, and are mostly the 
responsibility of the proponent.  The benefits or outcomes of the project are more 
complex to quantify and compare as mostly they are environmental benefits.  Returns 
that  are  readily  quantified  are  more  often  private  benefits  (such  as  agricultural 
productivity benefits) and not subject to this funding.  
 Issues of scale and scope in bio-physical modelling for natural resource management decision 
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In general, the CMA receives an approach for funding from a stakeholder and often in 
response  to  expressions  of  interest  being  requested.    The  initial  application  is 
completed by each proponent identifying specific purposes and activities for funding. 
Specific on-ground bid  evaluation follows a process of desk top  analysis and site 
assessment by the CMA.  Bids are scored according to how they meet that particular 
CMA’s current investment criteria. 
 
To rank bids in order to efficiently distribute funds to efficient projects, a number of 
approaches are being applied, although most are variations on an EBI theme.  Issues 
are whether bids are being ranked within each CMA priority category or between 
categories.  Often bids are being compared within specific categories, e.g. vegetation 
management which encompasses a range of preferred /priority management actions. 
 
The extensive use of EBIs reflects the need for a cost effective methodology that can 
be readily applied within the CMAs by  regional staff.  The issues underlying the 
methodology are similar to those issues of MCA; 
•  Determining criteria- these need to be independent, transparent, 
•  Ranking, 
•  Scoring, 
•  Weighting. 
 
Generally,  EBIs  (and  Environmental  Services  Ratios)  reflect  the  degree  of 
environmental change anticipated from a CMA’s dollar expenditure.   
 
 
3.1 Examples of CMA project assessments 
 
The Southern Rivers CMA developed the Southern Rivers Bush Incentives (SRBI), 
(http://www.southern.cma.nsw.gov.au/pdf/SRBI-QA.PDF),  a  competitive  tender-
based funding method based on conservation values of landholder managed native 
vegetation.   
 
Conservation value takes into account the services which landholders are willing to 
undertake to protect and improve the native vegetation within the site.  Once the final 
score is calculated bids are funded from the highest to lowest score until either all 
funding is spent or a threshold value is reached below which the Southern Rivers 
CMA has agreed there is not sufficient biodiversity benefit.  The highest ranked bid 
represents the best conservation value for money. 
The final score is calculated as the conservation value divided by funds required by 
the landholder. Conservation value consists of; 
•  conservation significance of the site;- vegetation endangered or scarce, · 
•  landscape context; i.e. how well the site is connected to other native vegetation in 
the landscape -  isolated or part of remnant, 
•  condition  of  the  site;  measured  within  a  standardised  area  (plot)  for  each  site 
through the collection of data on the following: 
o  number  of  plant  species  including  grasses,  herbs,  ferns,  vines,  shrubs  and 
trees; 
o  cover of trees, shrubs and ground layer plants; 
o  weed cover; 
o  amount of bare ground; Issues of scale and scope in bio-physical modelling for natural resource management decision 
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o  number of mature trees (with hollows); 
o  amount of tree regeneration; and 
o  amount of fallen timber. 
Values  recorded  for  these  condition  characteristics  are  then  given  a  score  by 
comparing them to benchmark values.  Benchmark values represent average values 
for the relevant vegetation community in a mature state under natural conditions. 
 
In the Western CMA (http://www.western.cma.nsw.gov.au/Incentive%20Funding 
/WCMA_Incentives_Guidelines_06_Discretionary_final.pdf) incentive project 
applications are assessed by an independent expert panel and ranked according to 
criteria on a scoresheet, resulting in a score divided by 100. The process specifically 
recognises project risk and its management. 
Funding applications are assessed on the basis of their: 
1. ability to address the Western CMA’s Management Targets, 
2. long term effectiveness, 
3. methodology, and 
4. cost effectiveness. 
 
Projects are allocated funds in order from the highest rank down until funds are fully 
subscribed in the relevant funding source.  
 
3.2 Cost sharing 
 
The  level  of  incentive  or  ratio  of  landholder/CMA  funding  is  influenced  by  the 
perceived public/private benefit in each activity.  The issue of cost sharing is treated 
separately in the assessment process.  Some CMAs establish a set cost-sharing ratio 
between  the  proponent  and  the  CMA  determined  by  the  proposed  resource 
management activity.  Others have a floating cost-share ratio based on the extent of 
environmental services being offered by the proponent.  One CMA provides more 
incentive funding for large projects or those including groups of landholders.  Where 
the  benefits  are  perceived  to  be  purely  private,  such  as  in  increased  agricultural 
returns, the proponent is generally unsuccessful. 
 
 
4. Bio-physical models 
 
The direction of incentive funding by the CMAs (as directed under the CAPs etc) and 
their use of expert panels and experienced input indicate the scientific complexities 
underlying the assessment process.  Clearly there is extensive interaction between 
incentives  and  anticipated  outcomes  such  as  remnant  vegetation  management  and 
biodiversity,  vegetation  location  and  water  quality  etc.    The  development  of 
biophysical modelling and incorporation into the decision support system will enable 
CMAs to rely upon and input to a streamlined and consistent process.  The level of 
CMA data input will vary, with default data available in the TOOLS2 prototype. 
 
A range of biophysical models is under development for use in the project (Appendix 
1).  These models will mainly be process-driven and will use data captured from a 
GIS layer using an integrating engine to generate and combine outputs as necessary. 
Considerable  work  is  still  needed  to  revise  the  models  to  ensure  that  there  is  no 
unavoidable overlap in the weight that is given to common parameters and to ensure Issues of scale and scope in bio-physical modelling for natural resource management decision 
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that the models’ data needs are not excessive.  The level of certainty varies among 
models, and at present it is not possible to quantify what impact this may have on the 
certainty associated with the use of composite assessment indices.  Additional work is 
also  underway  to  allow  the  outputs  of  the  models  to  be  expressed  in  a  common 
currency.   
 
Apart from the issues of combining outputs into a multiple EBI where this is required, 
the relationship between model outputs and the units in which CMA outcome targets 
are expressed is a further significant area of work.  For each environmental parameter, 
there may be different models depending on the scale (site or catchment) at which 
outcomes are being assessed.  The outputs from all these models must be compatible 
with one another, and able to support a range of activities including project level 
assessment, scenario modelling, and priority setting at the catchment scale. 
 
 
5. Scope and scale issues for modelling environmental outcomes 
 
The project involves use or development of bio-physical models, as discussed above. 
These models in the TOOLS2 project are single-attribute models and there are issues 
that arise from this approach to NRM prediction.  
 
This  approach  assumes  complete  independence,  or  additivity  of  environmental 
outcomes, from proposed management actions, both between locations or scales and 
between attributes.  The effect of implementing a particular action at a given location 
is assumed to be uninfluenced by the effects of actions at other locations.  In other 
words, the combined effect of a set of actions (at multiple locations or a larger scale) 
is implicitly assumed to equal the sum of the effects of the individual actions if they 
were each applied on their own.  
 
The most straightforward approach to evaluating proposed management actions using 
the bio-physical models listed in Table 1 is to simply run each model independently 
for  each  action.    In  other  words,  evaluating  10  management  proposals  against  7 
biophysical attributes would involve 70 model runs, each producing an estimate of the 
predicted effect of a proposed action (at a given location) on a particular attribute.  
The 7 scores for each action would then be aggregated (e.g. by weighted summation) 
to derive a multi-criteria (or EBI) score for each proposal, with the ratio of this score 
to cost used to rank the 10 proposals. 
 
This assumption of additivity in the scale effects of multiple actions (the cumulative 
effects of Wu and Boggess) allows the assessment and ranking of proposed actions to 
be kept very simple.  Violations of the assumption may, however, be quite common in 
the real world.  Consider a simple example in which two large remnant patches of 
vegetation are separated by cleared land spanning three different properties, and that 
each of the three landholders is seeking incentive funding to revegetate his or her 
section  of  a  potential  corridor  linking  the  patches.    If  these  three  proposals  are 
evaluated  independently  of  one  another  in  terms  of  predicted  benefit  for,  say, 
terrestrial  biodiversity  then  they  may  each  receive  relatively  low  scores,  because 
revegetating  only  a  third  of  the  corridor  fails  to  achieve  functional  connectivity 
between the patches.  All three proposals may therefore rank poorly and fail to receive 
funding.   The  real value of these proposals becomes apparent only if  interactions Issues of scale and scope in bio-physical modelling for natural resource management decision 
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between the effects of the individual actions are considered – i.e. the scale effects 
mean that the whole effect is greater than the sum of its parts.  For other attributes, 
e.g. carbon sequestration the effects of scale may be less important. 
 
Some of the models being employed in NSW are starting to address this problem by 
incorporating spatial interactions into the modelling of benefits expected from sets of 
management actions (Lawson et al 2007).   For  example, in the case of terrestrial 
biodiversity  work  is  progressing  to  link  property-level  (field-based)  assessment 
techniques  more  closely  to  landscape-level  (GIS-based)  modelling  tools,  thereby 
allowing  spatially  dynamic  factors  such  as  connectivity  to  be  considered  when 
assessing the combined benefit of any given set of actions. 
 
Some of the current methodology addresses this issue of connectivity in a simplistic 
but  straightforward  way  by  including  in  the  project  criteria  scores  for  landscape 
context and the number of landholders involved in achieving project outcomes.  For 
some there is even financial incentives through an improved benefit cost sharing ratio 
towards the landholder(s) for successful bids. 
 
The second type of assumption in the basic approach outlined above involves the 
multiple attributes being assessed – or additivity in the scope of included attributes 
(the pooling effects of Wu and Boggess).  Modelling these attributes independently 
precludes any interactive effects.  This approach may, however, fail to adequately 
address  possible  interactions  between  attributes  (Wu  and  Boggess  1999).    An 
important distinction needs to be made here between “correlation” and “interaction”.  
Correlation  of  management  effects  on  different  attributes  –  e.g.  where  an  action 
generating high benefit for biodiversity also tends to generate high benefit for carbon 
sequestration – is not, in itself, a problem provided that these mutual benefits are 
combined  sensibly  in  any  subsequent  multi-criteria  analysis.    On  the  other  hand, 
interaction  between  effects  on  different  attributes  –  e.g.  where  reduced  in-stream 
salinity  resulting  from  a  given  action  enhances,  in  turn,  the  benefit  for  aquatic 
biodiversity – may need to be addressed through dynamic linking of models (e.g. in 




6. Alternative decision-making processes 
 
In developing the TOOLS 2 project, input for the CMAs indicated very strongly that 
the system: 
•  needs to be time efficient; 
•  needs to be straightforward; 
•  needs  to  incorporate  both  similarities  to  their  current  systems  as  well  as 
streamlining their current systems; 
•  will require a familiarisation process; and 
•  outcomes will be transparent.  
 
The scoring and ranking methodology has had a wide acceptance within the CMAs in 
addressing the funding distribution decision making.  It has met their needs in terms 
of transparency and resource allocations although there is always a demand for a more 
streamlined and rigorous process. Issues of scale and scope in bio-physical modelling for natural resource management decision 
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The TOOLS2 project has also proposed the inclusion of a benefit cost analysis of 
changes in activity or land use: this would rank options in terms of $ discounted over 
time, presented as a benefit cost ratio or net present value.  Issues of interpretation 
also arise and many of them are similar to those of the EBI concept: 
•  The problem of up front costs, long time environmental benefits, lag times and 
appropriate discount rates; and 
•  Extent of analysis –property, sub catchment, catchment, external benefits. 
 
A  benefit  cost  study  could  include  several  methodologies  or  approaches  for 
establishing environmental benefit values such as: 
•  Benefit transfer; 
•  Threshold values; 
•  Revealed preferences techniques such as Travel Cost ; and 
•  Stated preferences techniques such as Choice Modelling. 
 






The  development  of  a  decision  support  system  for  the  CMAs  in  NSW  needs  to 
improve  upon  their  current  systems  in  a  number  of  ways  including  being  time 
effective, transparent, rigorous and accountable. 
 
The CMAs have developed systems that suited their resourcing levels but have also 
recognised  the  challenges  underlying  the  scoring  system.    In  many  cases  project 
officer discretion and expertise has overcome apparent scoring discrepancies.  In other 
cases some discrepancies in scoring and outcomes have not been recognised, or have 
been  considered  insignificant  in  the  scale  of  resource  management  and  dollar 
expenditure. 
 
The context of the TOOLS2 decision support system is significant in its application.  
The  EBIs  generated  are  for  comparison  of  projects  within  CMAs  and  their  sub 
catchments.    It  is  expected  their  use  will  be  within  target  activities  but  can  be 
extended to between target activities.  The EBIs generated are not for comparison for 
resource allocation between CMAs.  
 
The  future  development  of  the  project  to  include  dynamic  bio-physical  modelling 
would address the scope issues of multiple attributes.  In the meantime, assessment of 
total  environmental  benefits  may  be  underestimated  and  becomes  an  issue  where 
ranking of projects is affected or the efficiency (or cost) of purchasing environmental 
benefits is adversely affected. 
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Appendix 1 





SCALE  TIME SCALE 
 
REQUIRED INPUTS 
Carbon sequestration  Tonnes of carbon 
sequestered per 
hectare per year  
Site to catchment  10 years from 
implementation – can 
extend to 40 or more 
Vegetation type, rainfall, soil type, topographical 
data 
Salinity benefits  % change in stream 
salinity for specified 
gauging point 
Site to catchment  Assumes an 
immediate “state 
change” to a new 
hydrological 
equilibrium 








Site, but can be 
linked to regional 
models 
10 years from 
implementation – can 
be extended to any 
interval 
Site assessment of condition, context, conservation 
status 
Aquatic biodiversity  Habitat value relative 




10 years from 
implementation – can 
be extended to any 
interval 
Site assessment of condition, context, conservation 
status 
Acid sulfate soil 
mitigation benefits 
Tonnes of acid or 
ASS products 
exported per hectare 
per year 
Site  Immediate: assumes 
“state change” 
Groundwater acidity, soil transmissivity, depth to 
groundwater and drain height 
Soil Retention  Tonnes of sediment 
retained per hectare 
per year 





Land and soil parameters relating to land capability, 
e.g. soil type and texture, slope, erodibility 
Nutrient Retention  Kilograms of N+P 
retained per hectare 
per year 





Land and soil parameters relating to land capability, 
e.g. as for soil retention and including nutrient 
generation functions for different locations and uses 
 